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(72) M3o6peTaTerib: KonecH w kob HJ1., 
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(54) yCTPOflCTBO f\J\9\ AHAJ1H3A rA30BblX, >KMAKMX H CbinYHHX CPEA 



(57) PecfrepaT: 

MaoSpereHMe othoci/itch k 

paAMOTeXHMMeCKMM M3MepMTeribHblM CpeflCTBaM. 

H3o6peTeHne mokbt 6bJTb ncno/ib30BaHO aha 
MCcneAOBaHHft* b SKonorviL/i, MOHOccfeepe 3eMnu, 
OKeaHonornn n Apyrux OTpac/iax HapoflHoro 

X03flMCTBa. H3BeCTHbt paAMOMaCTOTHbie M 

pe30HaHCHO-MMneAaHCHbie paAM030HAbi, 
npuMeHweMbie aha H3MepeHHfl 

3neKTpO-paAMOCt)M3MHeCKHX M 

Cf)H3MKO-XMMMMeCKHX XapaKTepHCTHK pa3J!HHHb!X 

cpeA. npn nccneAOBaHnn hh>khhx o6nacTefi 
MOHOc4)epbi 3eMnn c noMombto 
h H3 kom acTOT h oro UMneAaHCHoro paAW030HAa 
BbmBunncb TaKMe HeAocTaTKH, KaK 
orpaHUMeHHafl eMKocTb nepBMMHoro 
npeo6pa30BaTerm m AP- ripn uccneAOBaHMM 
BepxHHX o6nacTefi MOHocxfcepbi 3eMnn 

BbiCOKOMaCTOTHbIM pe30HaHCHO-HMneAaHCHblM 

paAM030HA noKasan TaKOfi HeAOCTaTOK, KaK 
orpaHMMeHHa« eMKocTb nepBUMHoro 
npeo6pa30BaTe/ifl b KowirineKTe c 
coeAMHUTeribHbiM Ka6eneM. HiweHHO sth 
HeAocTaTKM orpaHMHUBaHDT npuMeHeHne 
pesoHaHCHO-HMneAaHCHbix motoaob h 
ycTpoMCTB Ann mx peajin3aqnn b 3Konornn, 
KapoTa^e HecfcTflHbix ckbsukmh, rMAponoruM, 
OKeaHonornn, ynpaaneHHH npoM3BOACTBeHHbiMM 
npoqeccaMM b paAHaijHOHHO n XHMMMecKn 
3apaxeHHbix wiecTax m Apyrux t py ah o AOCTy n h bix 
MecTax, rAe TpeoyeTCfi npuMeHeHne BbiHOCHbix 
nepBUHHbix npeo6pa30Baie/ie« n 

npeoopasoBaTertefl c 6ojibiuofl paooMefl 

eMKOCTbK). Ue/lbK) M306peTeHHfl ABJlfleTCfl 

noBbiuueHne MyBCTBHTenbHoctn ycTpotiCTBa no 



BepxHeMy npeAeny MSMepeHufi aKTMBHofi 
cocTaBJifuou^eft HMneAaHca \a pacujHpeHne 
Anana30Ha M3MepeHHM no BepxHeMy npeAe/iy 3a 
CM8T yBe/inMeHUfl eMKOCTH nepsnHHoro 
npeo6pa30BaTerm (30HAa), bo3MO>khoctm 

paCOTaTb C BblHOCHbIM fiepBMHHblM 

npeo6pa30BaTeneM (3qhaom) Ha paccTOflHun ao 

11 KM OT pe30HaHCHOrO MyBCTBMTSnbHOrO 

aneMeHTa n bo3MO>khocth npHMeHeHHfl 
nepBUHHoro npeo6pa30BaTerifl (30HAa) c 
paooMefl eMKOCTbio nop^AKa 0,1-100 nc£. flnn 
3Toro PM3 Bbino/iHeH b bma© TpaHccfiopMaTopHO 
CB«3aHHbix Kone6aTeribHbix KOHTypoB, npuneM 
BTopwHHbifl KoneoaTejibHbifl KOHTyp m 
coeA^HeHHbi^ c hum nepBMHHbifl 
npeo6pa30BaTenb (30HA) 3aiuyHTMpoBaHW 

aKTMBHbIM COnpOTUBJieHlieM M eMKOCTbK). 

Pe30HaHCHbitf MyBCTBMTexibHbi^ aneMeHT (PM3) 
BbinoriHeH no cxeMe nocneAOBaTenbHoro 
Kone6aTenbHoro KOHTypa - cBA3aH c 
renepaTopoM, ycunnTeneM. BTopvmHbifi 
Kone6aTeribHbiR KOHTyp cB«3aH c 
npeo6pa30BaTeneM m reHepaTopoM 
MMnyjibCHoro Hanp«>KeHMfl CMemeHHH, b HeM 

OSMOTKa MHAyKTMBHOCTM CBOHMH KOHMaMU Mepe3 

npoxoAHbie eMKOCTH m ABy>KnnbHbiM 
BbicoKOMacTOTHbi^ Kaoerib coeAHHeHa c 
aneicrpoAaMM nepBUMHoro npeo6pa30BaTen^, 
npn 3tom napa/inenbHo cB«3aHHbie aKTHBHoe 
conpoTMBneHMe n eMKocTb BKTiKDMeHbi Me>KAy 
TOMK3MH coeAMHeHHH npoxoAHbix eMKOCTeR c 
>KVinaMi4 BbicoKOMacTOTHoro Ka6e/ifl, mto 
03HaMaeT LuyHTHpoBaHne KOHTypa h nepBUMHoro 
npeo6pa30BaTenfl. 4 nn. 
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(54) ANALYZER OF GAS, LIQUID AND LOOSE MEDIA 

(57) Abstract: 

FIELD: radio engineering measurement 
facilities. SUBSTANCE: invention may find 
use in study of ecology, Earth's ionosphere, 
ocean ology and other branches of economy. 
Invention is meant to increase sensitivity 
of analyzer in upper measurement limit of 
active component of impedance and to expand 
measurement range in upper limit thanks to 
enhanced capacitance of primary converter 
(probe), to capability of operation with 
companion primary converter (probe) at 
distance up to 11.0 km from resonance 
sensitive element and possibility of usage 
of primary converter (probe) with 
operational capacitance of order of 
0.1-100.0 pF. Resonance sensitive element is 
manufactured in the form oscillatory 
circuits coupled via transformer. Secondary 
oscillatory circuit and primary converter 
(probe) connected to it are shunted by 
active resistance and capacitance. Resonance 
sensitive element is made by diagram of 
series oscillatory circuit coupled to 
generator and amplifier. Secondary 
oscillatory circuit is coupled to converter 
and generator of pulse bias voltage, its 
inductance winding is connected with its 
ends through transfer capacitances and 
double-conductor high-frequency cable to 
electrodes of primary converter. Active 
resistance and capacitance are placed 
between connection points of transfer 
capacitance with conductors high-frequency 
cable which means shunting of circuit and 



primary converter. EFFECT: increased 
sensitivity of analyzer in upper measurement 
limit of active component of impedance. 4 dwg 
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H3o6peTeHwe othochtc* k 

paAHOTeXHMMeCKMM M3MepHTe/lbHWM cpeflCTBaM 

m MoaceT 6biTb ncno/ib30BaHo aha 
MccneAOBaHM^ b SKononyiw, MOHOOjjepe 3eMnn, 
oKeaHO/iorwn m Apymx oTpacnflx HapoAHoro 
xo3fl«cTBa, Hanpwviep 3aMep bjisukhocth 3epHa. 

M3BeCTHbl paAHOMaCTOTHbie H 

pe30HaHCHo-MMneAaHCHbie paAH030HAbi, 
npnMeH«eMbie pjxn n3MepeHMfl 

3JieKTpO-paAMOCt>H3MHeCKMX M 

c|)H3HKO-xnMHMecKMx xapaKTepMCTHK paSJlUMHbJX 
cpeA. 

C noMombto HH3KOMacTOTHoro MMneAaHCHoro 
paAH030HAa nccneAOBa/iki hudkhmb o6nac™ 
noHOc4)epbi 3eMnn. 

HeAOCTaTKOM npuMeHweMoro 
HM3KOMacTOTHoro paAH030HAa flanseTCfl 
HannMne norpeiuHOCTH M3MepeHMfl, bhochmoA 
noHHbiMn npnanetapoAHbiMM cnoflMH, 
orpaHMMeHHaw eMKOCTb nepBUHHoro 
npeo6pa30BaTen« [1] 

flns nccneAOBaHUfl BepxHwf* o6nacTefi 
noHoccf)epbi 3eMnn 6bin npuMeHeH 

BblCOKOHaCTOTHbIM pe30HaHCHO-MMneAaHCHblM 

paAnosoHA c nnnoo6pa3HbiM HanpaweHi/ieM 
cMemeHMfl. 

HeAOCTaTKaMU era OKa3anncb HH3Kaa 
MyBCTBureribHOCTb no aKTMBHofi cocTaBJiaiometf 
HMneAanca, orpaHHMeHHOCTb bmkocth 
nepBUHHoro npeo6pa30BaTenfl b KOMnneicre c 
coeAHHHTenbHbiM Ka6eneM [2] 

B pa6oTe [3] Ann uccneAOBaHUH MOHOccfiepbi 
3eM/in npnMeH5tnncb h h 3Koh acTOT h bi H m 
BbicoKonacTOTHbiM MMneAaHCMeTpw, 
pa6oTaiomne Ha MacTOTax, MHororpaHHO 
npeBbiiuaKDLi^nx nyipoMamkiTHyjo . MacTOTy 

3/ieKTpOHOB (f H =1 ,3 Ml~L\), HTOSbl HCKfllOMMTb 

B/iMJiHue 3aMamnMeHHOCTM nna3Mbi MamHTHbiM 
noneM 3eMnn, oah3ko c mx noMoiAbio 6binn 
M3MepeHbi numb peaKTHBHbie cocTaanfliomHe, 
no KOTopbiM onpeAennriM KOHi^eHTpaLjwo 

3/ieKTpOHOB, a aKTMBHbie COCTaBJlflJOU^Me 

MMneAaHca He nsMepftnucb no npMMUHe 

He AOCTaTOH HOW MyBCTBMTeJlbHOCTH ycrpoMCTB. C 

qenbio noBbiiueHun HyBCTBHTe/ibHOCTW no 
aicrnBHovi cocTaanfliomefl HMneAaHca Ann 
AHamocTMKH pa3pe>KeHHO^ n/ia3Mbi 6bin 
npMMeHeH AWcjxfepeHLjkiajibHbifl paAH030HA, 
OAHaKO o>KMAaeMbie pe3ynbTaTbi AOCTumyTbi He 
Obl/IM H3MepnnMCb numb peaKTMBHbie 
cocTaB/ifltounne. HeAOCTaTKaMU 
Ancf3ct)epeHL^MajibHoro paAH030HAa oKa3anncb 

HM3K8H MyBCTBMTenbHOCTb no 3KTHBHOM 

cocTaariRMDiAeM MMneAaHca, Hani/inne 
norpeiuHOCTM MSMepeHuw ot noHHoro 
npnaneKTpoAHoro cnon, orpaHHHeHHOCTb 
eMKOCTM nepBUHHoro npeo6pa30BaT&nfl [4] 

Hau6onee 6hw3khm k H3o6peTeHMK> no 
TexHMMecKo^ cyiAHOCTM m AOCTuraeMOMy 
pe3yribTaTy HBrmeTCH yorpoklcTBO no 3aaBKe N 
4750813/25 ot 19.11.91 [5] 

Ha cfeur. 1a npMBeAeHa 

cTpyKTypHo-npuiHLjMnt/ianbHafl cxeMa ycTpoflcTBa 
npoTOTMna. OHa coAepwm reHepaTop 
30HAnpy»oiAero MacTOTHo MOAy/inpoBaHHoro 
ckiHycoMAanbHoro HanpflweHMfl 1, mctomhhk 
nocTO«HHoro HanpyuKeHkm 3 c sneKTDOHHbiM 
tcnKwoM 2, AByxaneiapoAHbitf 30HA 4, 
pe30H3HCHbiK MyBCTBHTejibHbift sneMew 5, 
BbtnonHeHHbt^ no cxeiwe 3KBHBaneHTa 
nocneAOBaTenbHoro Kone6aTenbHoro KOHTypa 

CO BTOpMMHOfl o6MOTKO« HHAyKTMBHOCTM M 

3apflAHO-pa3pflAHoi* uenbio, cocTOfliAeft m 
nocneAOBaTenbHO coeAHHeHHbix eMKOdn C3 m 
pe3HCTopa R 2 . coeAnneHHoro c o6tAe« tohkoR 
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cxeMbi, a eMKOCTb coeAUHena co cpeAHe^ 

TOMKO^ BTOpMMHO^ O6MOTKH MHAyKTMBHOCTH M CO 

CBOOOAHbJM KOHTaKTOM pe/ie sneKTDOHHoro 
KniOMa 2. KpoMe Toro, eMKOCTb 
3apflAHo-pa3pflAHo« u,em Mepe3 
pa3AejiMTenbHy»o eMKOCTb coeAMHeHa c 
3MHTTepHbiM noBTopHTeneM 8, bwxoa KOToporo 
coeAHHeH c pervicTpaTopoM HM3KOHacTOTHoro 
M3MepnTenbHoro cumana U c (t) (cm. cf)nr. 
26). TeHepaTop 30HAnpyioiAero m3ctotho 
MOAy/inpoBaHHoro CMHycoiiAanbHoro 
Hanp^>KeHM^ 1 nepes npoxoAHyto eMKOCTb 

BKTIKWeH B HHAyKTMBHO-eMKOCTHyiO BeTBb 

Kone6aTenbHoro KOHTypa. YcunnTenb 
BbicoKOMacTOTHoro M3MepnTejibHoro cumana m 
aMnriHTyAHbiB A©TeKTop o6-beA^HeHbj b oahom 
6noKe 7 m Mepe3 mctokobw^ noBTopnTenb 6 
noAKJiJOHeH k Kone6aTenbHOMy KOHTypy b TOMKe 

COeAHHeHMfl HHAyKTMBHO-eMKOCTHOrt H 

eMKOCTHOM BeTBefl KOHTypa. BbixoA 
aMnnnTyAHoro AeTeiaopa coeAHHeH c 
perMcrrpaTopoM. 

YcTpoflcTBo pa6oTaeT cneAywii^MM o6pa30M. 
Ha pe30HaHCHbftf HyBCTBHTeribHbifi 3/ieMeHT m 
30HA OAHOBpeMeHHO noAaioT 30HA^pyK>iAee 
HanpywceHne n MMnynbCHoe Hanpn>KeHne 
CMemeHUfl nonoxnTenbHoK nonflpHOCTM, npn 
stom 30HA OAHOBpeMeHHO pacoTaeT n iok 
MMneAaHCHbiPi paA^i030HA m k3K aneKTpMMecKMM 
MMnynbCHbift 30HA- Ha 30HAnpy»oiMeM nacTOTHo 

MOAyTIHpOBaHHOM CHHyCOMAa/lbHOM 

HanpflxeHnn npki pe30HaHce HyBCTBMTeribHoro 
3/ieMeHTa, M3MepnioT aKTMBHyio R n peatakiBHyio 
X c cocTaariflKDiAMe bxoahopo HMneAaHca Z 
30HA3, norpy>KeHHoro b nccneAyeMyK) nrta3My, 
npki HanpflXceHkiu CMeu\eHwn, npeBbiiuaioLi^eM 
noTeHLtnan nna3Mbi U n . Hanpn>KeHne CMeiAeHnq 
BbinonHfleT ABe 0yHKqnn: oho HeflTpann3yeT 
npHsneicrpoAHbift MOHHbikl cnofl, npn stom 
noHM)KaeTC« ypoBeHb U 1 (cm. c£nr 1b) 
BbicoKonacTOTHoro M3MepnTe/ibHoro cumana m 

nOBblUJaeTCfl TOMHOCTb M3MepeHHfl aKTMBHOPI n 

peaKTHBHoPi cocTaB/ifliOLAMX HMneAaHca, n 
co3AaeT ycnoBUfl Ann cfrc>pMnpoBaHMfl 
HM3KOHacTOTHoro M3MepnTe/ibHoro cMma/ia, 

0OpMHpyeMOrO 30HAOBblM TOKOM Ha eMKOCTM 

3apfiAHO-pa3pflAHofi i^enn m Hecy u^ero b ce6e 
M3MepnTertbHyfo MH4)opMai4MK) o 

nnaBaioiAeM n npocTpaHCTBeHHOM 

U n noTeHL^nanax nna3Mbi, TeMnepaType T e m 
KOHi^eHTpaL^MH N e sneicrpOHOB. MsMepnTenbHyfo 
MHcf>opMai4HK) nonyMatoT nyTeM pacainctipoBKn 
3anncn M3MepnTenbHbix CMmanoB c noMOLAbio 
rpaAyvipoBOHHbix rpaqbMKOB (cm. cfiMr. 3a, 6 m 
b), nonynaeMbix npn rpaAynpoBKe ycTpotfcTBa 
nepeA sKcnepuMeHTOM. 

PacujMct)poBKy 3anncn M3MepnTenbHbix 
cumanoB BbinonHflioT b cneAy»oiAePi 
nocneAOBaTeribHOCTM, HannHafl c paciuMc|)poBKH 
BbicoKOMacTOTHoro cumana: 

Ha ynacTKax c MUHMManbHoK aMnnnTyAOti 
onpeAenflJOT 3HaMeHM« U i M (t) m U^tt), no 
KOTopbiM c noMooibio rpacJ)MKa o>nr. 3a 
onpeAenfljoT 3HaMeHH* R x (t), a c noMOLAbto 
rpa4)HKa 0nr. 36 n 3HaneHMflM R(t) onpeAenflKDT 
Cx n aCx^Cq-Cx; 

no 3HaneHHflM M3MepeHHbix napaMeTpoB c 
noMombio nepBMHHbix cpyHKL^noHanbHbix CB«3eM 
onpeAefiflioT yAenbHyio sneiapMHecKyjo 
npOBOAHMOCTb, npupaiAeHHe AH3neKTpiiHecKofi 
npoHkmaeMocTn Ae'. AnsneicrpMHecKyK) 
npoHnuaeMOCTb e' m TaHreHc yma 
AHsnetcrpuHecKHx noTepb nccneAyeMOkl cpeAbi 
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a=8,85/C 0 , C 0 HaManbHafl eMKOcTb 30HAa 
(nepBMHHoro npeo6pa30BaTe/ifl). 

KoHueHTpaunK) sneKTpoHOB IM° cm" 3 , 

OCjxfreKTHBHyK) MaCTOTy CTOJlKHOBeHUfl 

a/ieiapoHOB vCa^c" 1 onpeAenaioT H3 
coBMecTHoro peiueHUfl ypaBHeHMfi Ann a h De 7 , 
o6T>eAMHmomnx b ce6e H3MepeHHbie h 
onpeAenseMue napaMetpbi [5] 



a<t> - z*Bz*ia 



(5) 



Ae' ci> = 3, 19 •io" 



N V 

-2 e 



2 2 

u +v 



CM/M C5> 
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(6) 

OnpeAenfliOT AaaneHne P MOHH30BaHHoro 
rasa b npW30HAOBOM o6jiacrn 

P(t) = 1 ,43.10- 11 v3 CM5 (t) aTM (7) (7) 

HM3KOHacTOTHbi^ MSMepwTenbHbifl en man 
paciun0poBbiBatoT b TaKOfl 

nocneAOBaTenbHOCTH : 

onpeAe/iflfOT npocTpaHCTBeHHbitf U n w 
rmaBafoiUMfl Unn noTeHi^nanw n/ia3MW no 
H3MepnTe/ibH0My cumany: 

U n =OU n (B); Unn-OUnnfB) (8) 

onpeAe/iflioT TeMnepaTypy sneicrpOHOB T e , 
ncnanb3yfl M3BecxHbie cooTHOiueHMfl [6, 7, 9] 
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T = <K> = 

e Kr 
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(9) 



rAe e 3ap^A 3/ieicrpoHa; 

7=5,04 An« aTMocqbepu; 

k nocTOHHHafl Bonbi4MaHa; 

nrij m m e Macca hohq w Macca anetcrpoHa; 

onpeAe/iHtOT tok HacbimeHkm aneiapoHOB I ©o 

AU n c s (10) 

I eo At <A> 

TAe AU n M3MeHeHne HanpaxceHi/m Ha 30HA© m 
3apnAHO-pa3pflAHO^ L^enn 3a BpeMfl At Ha 
yqacTKe BC; 

C£ cyMMapHafl eMKOCTb 3ap*Ano-pa3pjiAHofl 
qenw, KOTopan onpeAenaeTCH npn rpaAynpoBKe 
ycrpoMCTBa nocroflHHbiM tokom (cm. <pur. 3b); 

onpeAenflJOT KOHt^eHTpai^nio 



3/ieKTDOHOB 
cooTHOiueHne [6] 



Mcnonb3y« M3BecTHoe 



j (A/CM > 
13 eo -3 
N = 4,03*10 CM <11>- 
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(11). 



3Aecb ] eo = WS (A/cm 2 ) nnoTHOCTb 

3/ieKTpOHHOro TOKa HaCblLl^eHUfl. S (CM 2 ) 
pa6onan nnou^aAb 30HAa. 

Ha 3TOM paCUJHCfpOBKa W3MepHTe/lbHblX 

cwmanoB 3aKaHMMBaeTCfl. 

HeAOCTaTKaMM npoTOTMna ti Apyrux 

M3BeCTHblX pe30HaHCHO-HMneAaHCHblX 
M3MepHTeJlbHblX yCTpOMCTB flBJIJWTCfl: 

orpaHUMeHHocTb eMKOCTM m ra6apnTOB 
nepBUHHoro npeoopa30BaTenfl (30HAa, AaTMMKa, 
M3MepHTenbHovi ymePiKu), mo orpaHUHUBaeT 

HyBCTBHTBJlbHOCTb yCTpoBCTBa no aKTHBHOW* 

cocTaBJimoLi^e^ MMneAaHca; 

orpaHMMeHHOCTb AnnHbi s/ieicrpuMecKO^ 
nuiHUM, coeAMHflHDLnetf pesoHaHCHwfi 

HyBCTBHTe/lbHblfi 3/ieMeHT c nepBMMHbIM 

npeo6pa30BaTeneM, TaK KaK wsnHWHflfl eMKOCTb 
An« PH3 (pe30HaHCHbj« MyBCTBHTe/ibHbiW 
3/ieM8HT) nponopi^noHa/ibHa atiuhb stom jimhmm. 

1/IM8HHO 3TM HeAOCT3TKH OrpaHUMMBaJOT 

npMMeHeHne pe30HaHCHO-kiMneAaHCHbix 
mstoaob n ycTpo^cTB pf\9\ MX peann3aunn B 
3Konornn, KapoTaxe nec^TAHbix ckbeokmh, 
ruApo^orwn, OKeaHonorMii, ynpasneHMM 
npoMSBOACTBeHHbiMM ncoueccaMU n APyrux 
ycnoBMflx, rAe Tpe6yeTC5i npuMeneHne 
BUHocHbix nepBMHHbix npeoSpasoBaTe/iefl m 
npeo6pa30BaTenefl c 6onbiuo^ pacoHefl 

SMKOCTblO. 

L4enb M3o6peTeHHfl 3aKnK)MaeTCfl b 
noBbiLueHnn HyBCTBureribHOCTH ycTpoRcTBa no 
BepxHeMy npeAeny n3MepeHMP* aKTMBHoPi 
cocTaBJiflK)meC< nMneAaHca m pacninpeHUfl 
Anana30Ha n3MepeHHfl no BepxHeMy npeAeny 3a 
cneT ysennMeHMfl eMKocTM nepBHHHoro 
npeo6pa30BaTenfl (30HAa), bo3mokhocm 

pa60TaTb C BblHOCHbJM nepBMMHbiM 

npeo6pa30BaTeneM (30haom) Ha paccTOJiHUM 
10-100 m ot pe30HaHCHoro MyBCTBMTenbHoro 
sneMeHTa w bo3mo>khocth npuMeHeHMfl 
nepBUMHoro npeo6pa30Baiejifl (30HAa) c 
pa6onevi eMKOCTbto nop^AKa 0,1 ao 100 nc^. 

Ue/ib AOCTMraeTCJ? b pe3y/ibTaTe 
npuMeHeHun PM3, BbinojiHeHHoro b bma© 
TpaHccfopMaTopHO CBA3aHHbtx Kone6aTejibHbix 
KOHTypoB, npuneM BTopkMHbifl Kone6aTenbHbiM 

KOHTyp M COeAHHeHHbl^ C HUM nepBMMHbltf 

npeo6pa30BaTe/ib (3oha) 3aiuyHTnpoBaHbj 

aKTHBHblM COnpOTMBneHHeM H eMKOCTbK). 

nepBi/NHbifl pesonaHCHbifi Kone6aTenbHW^ 
KOHTyp (PM3) BbinonHeH no cxeMe sKBMBaneHTa 
nocneAOBaTenbHoro Kone6aTenbHoro KOHTypa, 
oh cB5i3aH c reHepaTopoM soHAnpyfomero 
Hanpfl>KeHMn n yckinnTeneM n3MepnTenbHoro 
cumana. BTopuMHbi^ KOJieCaTenbHbivi KOHTyp 
CBH3aH c npeo6pa30BaTeneM m reHepaTopoM 
HMnyribCHoro Hanpn>KeHkiP CMeiueHM^, b HeM 

o6MOTKa HHAyKTMBHOCTH CBOMMM KOHl^aMM Hepe3 
npOXOAHbte eMKOCTH C3 H C5 M AByX>KHnbHblR 

BwcoKOMacTOTHbiPi Ka6enb coeA^HeHa c 
sneiapoAaMM nepBHHHoro npeo6pa30BaTenn, 
npn 3TOM napannenbHo CB5i3aHHbie aKTMBHoe 
conpoTMBneHne n eMKOCTb C 4 BKnioHeHbi 
Me>KAy TOHK3MM coeA^HeHUfl npoxoAHbix 
eMKOdeM c )KnnaMM BbicoKOHacTOTHoro Ka6enfl ( 
mto osHanaeT ujyHTupoBaHne KOHTypa n 
nepBUMHoro npeo6pa30BaTerm. Hanp«>KeHne 
cMeiAeHun noAaeTCH b cpeAHroio TOMKy 
ujyHTupyioiAero conpoTMBneHUfl R m , KOTopoe 
coctomt H3 AByx paBHbix nocneAOBaTenbHo 

BKniOMeHHblX pe3MCTODOB R UJ =R2+R3=2R2=2R3, 

eMKOCTb C m = C 4 He MeHee HeM Ha nopflAOK 
npeBbiiuaeT pesoHaHCHyjo eMKOCTb An« AaHHoro 
Kone6aTenbHoro KOHTypa. Ka>KAafl H3 
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npoxoAHbix eMKOCTe^ b flBa pa3a npeBbiiuaeT 
pe30HaHCHyK) eMKOCTb KOHTypa. UJyHTMpyiomee 
conpoTMBJieHvie paBHO yABoeHHOMy 3H3MeHHK) 
conpoTMBneHUfl no BepxHeMy npeneny 
AnanaaoHa M3MepeHM* ycTpoflCTBa 6e3 wym-a. 
noA6npan wyHTMpyiomee conpoTMBJieHne 
M3MeHflioT Anana30H M3MepeHMfi aicrnBHoR 
cocTaanniomefi Ha ABa-Tpn nopflAxa. 
AHanorviMHo, M3MeH«« 3HaMeHM* luyHTMpyioinea 
eMKOCTM, M3MGHWIOT Awana30H M3MepeHH« no 
peaKTHBHofl cocTaBnaJOUnefl. LUyHTupoBaHne 
KOHTypa m 30HAa noBbiiuaeT My bctb WTenbHocrb m 
pacuJnp«eT Anana30H M3MepeHM« no BepxHeMy 
npeAeny aKTMBHofl cocTaanflJomefl MMneAaHca. 
LUyHTupoBaHne KOHTypa eMKOCTbio noBbiiuaeT 
MyBCTBure/ibHocTb no aKTMBHofl cocTasnflioinefi 
HMneAaHca nponopuMOHanbHO yBennMeHMio 
eMKOCTM nepBMHHoro npeo6pa30BaTena n 
no3BO/i«eT yAnkiHATb coeAMHMTenbHbifl Ka6enb m 

pa60TaTb C BblHOCHbIM nepBUMHblM 

npeo6pa30BaTeneM, yAaneHHbiM ot PM3 Ha 
Aec^TKVi MeTpOB. 

CpaBHeHne npeAnoweHHoro peweHna c 
npoTOTunoM m ApyrviMM peweHMHMM 3Toro we 
HanpaBneHHfl noKa3ano, mto npeAnaraewioe 
ycTpo^cTBO Ana aHa/insa ra30Bbix, >kmakmx m 
cwnyMMX cpeA oT/iHHaeTc« BbicoKofl 

MyBCTBHTenbHOCTbK) no aKTMBHOtf 

cocTasnfliomefi MMneAaHca m iliupokmm 
Anana30HOM MSMepeHMtf, MHororpaHHOCTbio 

npHMSHBHUM. 

M3o6peTeHne noflCHqeTCfl <J>wr. 1 4. 

Ha 0nr. 1 noKa3aHa 

CTpyKTypHo-npHHi^nnnanbHafl cxeiwa ycTpottcTBa 
npoTOTuna; Ha cfjur. 2 a) 
CTpyKTypHo-npuHLjHni/iajibHafl cxewia ycTpotfCTBa 
3aHBJifleMoro nsoSpeTeHkiw, 6) 4>opMa 
Hanpp>KeHHfl CMemeHMfl, b) cfcopMa 
M3MepnTenbHoro CMmana; Ha qbur. 3 cfcopMa 
rpaAynpoBOMHbix rpacfWKOB ycTpoficTB 
npoTOTuna m 3ananfleMoro ycrpoflcTBa; Ha cfwr. 
4 qbopMa rpaAynpoBOMHoro rpaqbuKa ycTpoficTBa 
no conpoTMBJieHMK) n ©mkocth wepe3 nuKOBbiK n 

CUHXpOHHO-nMKOBblM AeTeKTOpbl. 

Ha cfjur. 2a npuBeAeHa 

cTpyKTypHO-npMHL\nnnanbHafl cxeMa 
3a«BnfleMoro ycTpoficTBa c pa3BepHyroM 
npHHi^nnnanbHo^ cxeMOtt pe30HancHoro 
MyBCTBMTenbHoro sneMeHTa (PM3) m 
3apflAH0-pa3pflAHO^ uenw (3P). OHa coAep>KMT 
reHepaTop 30HAMpyK)inero HanpflxeHMH 1, 
reHepaTop MOAyJiMpyioLnero HanpnweHMfl 2, 

pe30HaHCHblft HyBCTBMTSJlbHblCl 3JieMeHT 3, 

nepBHMHbifi npeo6pa30BaTenb 4 b KOMnneicre c 
BbicoKOMacTOTHbiM Ka6eneM, coeAUHflJOu^uft 
nepBMMHWM n peo6 pa soBa Ten b c pe30H3HCHbiM 
MyBCTBMTenbHblM 3/ieMOHTOM, sneKTpoHHbifi 
KJIJOM 5 M MCTOHHMK nOCTOHHHOrO Hanpn>KeHM5i 6, 
MCTOKOBbltt nOBTOpMTeilb 7, MCTOKOBblfl 

noBTopnTe/ib 8, ycunnTenb BbicoKonacTOTHoro 
CMmana 9, b KoiwrineKTe c hum aMnriMTyAHbiCi 
AeTeKTop, nHKOBbifi AeTeKTop 10, 

CMHXpOHHO-nMKOBblM A eT BKTOp 12, ynpaB/ifleMbifi 

MOAyriMpyioiMMM Hanp«>KeHMeM, noflaBaeMbiM ot 
reHepaTopa 2 sepes pa3B«3biBaK)iMnK 6jiok 1 1 , 
micf)poBO« perucTpaTop M3MepnTe/ibHbix 
cumajioB 13. 

Pa6oTaeT ycrpotfcTBO no npuHUnny 
pe30HaHCHo-MMneAaHCHoro MeTOfla H3MepeHMfi: 
Ha PM3 n nepBUHHbiK npeo6pa30BaTeiib (30HA) 
oAHOBpeMeHHO noAawT 30HAnpyK)ii^ee 

MaCTOTHO-MOAyJlMpOBaHHOe cnHyconAanbHoe 

HanpfweHMe ot reHepaTopa 1 n MMny/ibCHoe 
Hanp«>KeHne cMemeHun ot reHepaTopa 5, 
aMnnnTyAa MMnynbcos b ABa-Tpn 
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npeBbiiuaeT noTeHi4na/i nna3Mbi (npocrpaHCTBa). 
B PH3 MaCTOTHO-MOAy/lMpOBaHHOe 

cMHyconAanbHoe Hanp«)KeHne 
npeo6pasoBbJBaeTCH b 
aMruinTyAHO-MOAynnpoBaHHoe cnHycowAaribHoe 
Hanpa^eHMe n CTaHOBHTcn n3MepnTeribHbiM 
BbicoKOHiacTOTHbiM cumanoM. HanpflxceHue 
CMemeHun 3apflAHB 3P i^enb n nepBMMHbi« 
npeo6pa30BaTenb ao MMnyribCHoro 3HaneHmi 
OTKniOMaeTCfl, b gtot MOMeHT 3P i^enb HaMMHaeT 

pa3pfl)KaTbC« 30HAOBWM TOKOM I © 0 . npM 3TOM 

Ha eMKocTM 3P uenn cfx^pMnpyeTCfl 
HM3KOMacroTHbiM M3MepnTe/ibHbiii cuman B BHAe 



HanpnxeHkm U 



c (t) (cm. 0nr. 26). 



BbicoKOHacTOTHbitf n3MepnTeribHbi^ cm man c 
BbixoAa PM3 nocTynaeT Ha mctokobw^ 
noBTopnTerib, 3aTeM Ha ycmiMTerib, 
aMnnnTyAHbi^ ABTeiaop; c OAHoro H3 bwxoaob 
aMnnnTyAHoro ASTeiaopa nsMepHTenbHbii^ 
cuman Ui ( 2 nocrynaeT Ha perwcTpaTop, c 
Apyroro BbixoAa nocTynaeT Ha nMKOBbiM 
AeTeiaop, Ha BbixoAe KOToporo cm man 
U 1 nonyMaeTCfl b bmab nenpepwBHofl nMHMM; c 
TpeTbero BbixoAa aMnnMTyAHoro ASTeicropa 
cm man nocTynaeT Ha cMHxpoHHo-nMKOBbitt 
AeTeKTop, a Ha era BbixoAe nonynaeTCfl U2 b 
BMAe HenpepbtBHow nnHMM (cm. rpaAyMpoBOHHbiM 
rpac|)MK cf)Mr.4). Ha cfcw\ 2b noK33aHa cJ)opMa 
M3MepMTenbHoro CMmana U 1>2 , cfxDpMMpyeMan b 
TeneHMe OAHoro nepMOAa Hanpfl>KeHMn 
CMemeHMfl. Bmaho, mto ypoBeHb U1 npMHMMaeT 
HeKOTopbifl MMHMMyM U 1m , KorAa Hanp«>KeHMe 
cMemeHMH npeBbiiuaeT noTeHqMan nnasMbi 
(npocTpaHCTBa) b npM30HAOBOM o6nacTM. 3to 
ynacTOK BC (cpMr. 26), Ha kotopom 
HM3KOHacTOTHbitf M3MepMTenbHbi^ cm man 
U c (t)=U 3 (t) MMeeT nMHe^Hyio 0opMy, 
cneAOBaTenbHO, oh cf)opMMpyeTCfl nocTOAHHbiM 
dneiapoHHbiM TOKOM Hacbiu^eHM^ npM 
OTcyTCTBMM MOHHoro cno«. YpOBeHb 
u i >u 1m Ha6nK)AaeTCfl Ha ynacTKax, rAe Ha 
sneiapoAax soHAa npMcyTCTByeT MOHHbie cnoM 
3to ynacTKM CA m flE, a Ha ynacTKe riE Ha 30HA 
OAHOBpeMeHHO nocTynaeT paBHbie KonMMecTBa 

3ne KTpOHOB M MOHOB, 06pa30BaBUJMMCn npM 

3tom noTeHUMan U^,, Ha3biBaeTc« nnaBaioinMM 
noTeHUManoM nna3Mbi. 

nepeA 3KcnepMMeHTOM ycTpoi^CTBO 
rpaAyMpytoT no conpoTMBneHMK) R x m no 
eMKocTM Cx; cfopMa rpaAyMpoBOHHbix rpacpMKOB 
npMBeAeHa Ha cf>Mr. 3 m qbMr. 4. PaciuMO>poBKy 
3anMCM M3MepMTenbHbix cMmanoB BbinonH«K>T b 
cneAywmeM nocneAOBaTenbHocTM, HaMMHan c 
paciukicfcpoBKvi BbicoKOMacTOTHoro curHana: 

Ha yMacTKax c MMHMManbHWM ypoBHeM 
U i M onpeAenflKJT 3HaneHMfl U i M (t) m U2MW, 
no KOTopbiM c noMoujbio rpaAyMpoBOHHoro 
rpac{)MKa TMna cf)Mr. 3a onpeAenaioT R x (t), a c 
noMombio rpac})MKa TMna cJ)Mr. 36 m SHaneHMfl 
R x (t) onpeAennioT 3HaHeHnn C x m AC X = C q -C x ; 

onpeAenatOT yAenbHyio sneicrpMHecicyK) 
npoBOAMMocTb a, npMpau^eHMe 

AMsneKTpMHecKO^ npoHMi^aeMocTM De', 
AMsneicrpMHecKyK) npoHMi^aeMOCTb e' m TaHreHC 
yma AHsneKTpMMecKMx noTepb, Mcnonb3yfl 

M3MepeHHbie BenMHMHbi m nepBMHHbie 
c|5yHKi4HOHanbHbie cba3M 

(12) 
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.(15) 



KoHL^eHTpai^nK) sneicrpoHOB N e cm" 3 h 

3(JX})eKTHBHyK> MSCTOTy CTOJlKHOBeHWfl 

oneicTpOHOB vQj^^c* 1 onpeAen«»oT M3 
coBMecTHoro peiueHUfl ypaBHeHWfi Ann a m De', 
o6-beAMHfltoi4MX b cede M3MepeHHwe m 
onpeAenneMwe napaMeTpw 

N V 

-2 e 



OCt> = Z,8Z*10 



Z Z 

O 3 V V 



CM/M 



(16) 



(17) 
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cuma/i 
TaKOfl 



3$$ 

onpeAenniOT AaBxieHMe P MOHMsoBaHHoro 
ra3a b npn30HAOBOM o6nacrn 
P(t) = 1,43,10- 11 v3^aTM (18) 

HH3KOMaCTOTHblfl V43MepMTenbHblfl 
paClil M cfcpOBbl Ba KDT B 

nocneAOBaTenbHocTn : 

onpeAeiflioT n pocT pa hct Be h h bi ft 
nnaBajOLUMft noTeHLjwanbi 

U n =OU n (B); U^-OU^B) (19) 
onpeAeJiflKDT TeMnepaTypy sneicrpoHOB T e , 
ncnojib3yn H3BecrHbie cooTHOiueHMn 

u u (20) 
<io 



u 



nn 

T - <K> 

e 



7* 
e 



ln- 



e 3apflA aneiapoHa, " y=5,04 m =5,04 
nocTOflHHafl Ann aTMOccfrepbi, k nocTOflHHan 
Bo/ibi4MaHa, rrij n m e Macca noHa m Macca 
sneicrpoHa; 

onpeAe/iPtOT sHaneHne sneicrpoHHoro TOKa 
HacbiLi^eHMfl l eo 



AU C- 



(21) 



< A> 



3Aecb AU n MSMeHeHMe nanpfl>KeHMfl Ha 
cyMMapHoft eMKocTM 3a BpeMH Dt, A 
cyMMapHan eMKOCTb 3P uenw, KOTopaa 
onpeAenaeTca npn rpaAynpoBKe ycTpotfcTBa 
nocTOAHHbiM tokom ((£nr. 3b); 

onpeAeJiflioT KOHi^eHTpai^nK) sneiopoHOB 
NT e> Mcno/ib3y« n3BecrHbie cooTHOiueHnw 



N' 



4, 03 •10 



13 



Z 

CA/CM > 



-CM 



rTe 



(22) 

rAe jeo = Uc/ s (A/cm 2 nnoTHOCTb 3/ieiapoHHoro 
TOKa HacbiujeHMfl; 

S (cm 2 ) paooHan nnoujaAb nepBMHHoro 
npeo6pa30BaTenfl (30HAa). 

Ha 3T0M paciuncjDpoBKa n3MepnTenbH0« 

MHC|)OpMai4MM 3aKOHMeHa. 

Pe3ynbTaTbi w3MepeHHM\ nonynaeMbie 

pe30HaHCHO-MMneHAaHCHblM MeTOAOM, 
TCOKAeCTBeHHO OAMHaKOBb! KBK B npOTOTMne, T3K 

m b 3ananaeMOM n3o6peTeHnn. Oah3KO 
3aHBDfleMoe ycTpoftcTBO no3Bonfler paciUMpHTb 
Anana30H HSMepeHHtf aKTWBHOfl cocTaanfliometf 
Ha no/iTopa ABa nop^AKa 3a cneT yBenHMeHwa 
eMKOCTH nepBHMHoro npeo6pa30BaTena no 
cpaBHeHMto c npoTOTunoM h, KpoMe Toro, 
3aRBrmeMoe ycTpoficTBO no3Bonfler paooraTb c 
BWHocHbiM nepBMHHbiM npeo6pa30BaTeneM 
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PacnpocTpaHeHne 

Ap. <J>n3kMecKafl 
HayKa, 1977 r. 
PaAMOTexHMKa m 



(30HA0M) Ha paCCTOHHUM AO 11 KM OT 

pe30HaHCHoro MyBCTBMTenbHoro sneMeHTa. 
nocneAHee no3Bon«eT npoBOAMTb ii3MepeHMfl b 
my6nHax npooypeHHbix CKBaxcMH, b rny6nHax 
Mopefl, oKeaHOB, b soHax, rAe MenoBexy onacHO 
HaxoAHTbca (npn HajiMMnn oTpaanaioinHx 
BemecTB, paAnai^MOHHaw onacHocTb h T.n. 
3apaKeHHbix cpeAax), b pasnuMHbix 
rpyAHOAOCTynHbix MecTax. 

1. KpacHyuJKWH E.n m KonecHMKOB H.J1 
reoMameTM3M m aapoHOMM«. 1965, 5, N 1, c.55. 

2. KonecHMKOB H.J1. n AP- Abt.cb. N 388221. 

3. AKceHOB B.M. m AP- KocMUHecKvie 
MCXJieAOBaHMfl. 1976, N 3, c.392. 

4. KonecHMKOB H.J1. h AP- CnocoG MSMepeHMfl 
MMneHAaHca nna3Mbi. Abt.cb. N 458749. 

5. KonecHMKOB HJ1. n AP- 3aflBKa N 
4750813/25 ot 19.11.91. 

6. rpaHOBCKMfl B.J1. 3neKTpvmecKM« tok b 
rasax, t.1, M. 1952. 

7. TMH36ypr B.J1. PacnpeAeneHne 
arteirrpoMarHMTHbix bojih b nna3Me. M. HayKa, 
1976 r. 

8. flonyxaHOB M.n. 
paAMOBOJiH. M. 1960 r. 

9. LUbhtikmh B.H. m 
aneicrpOHMKa b 3aAaMax. M. 

10. HnKonaeB B.M. 
oneicrpoHMKa, 1986, T.31. N 6, c.206. 

OopMyna n3o6peTeHi/m: 

YcTpoflcTBO An« aHann3a ra30Bbix, >kviakhx m 
cbinyMMX cpeA, coAep>KaiAee 30ha, reHepaTop 
30HAnpytomero HanpflKeHM«, k bxoay KOToporo 
noACoeAnneH reHepaTop cnHyconAanbHoro 
MOAynnpyioiAero HanpflKeHUH, pe30HaHCHbii^ 
MyBCTBHTeribHbiW sfieMeHT m nocneAOBaTeribHO 
coeAMHeHHbie ycMJiMTerib bwcokoK MacTOTbi m 
aMn/iHTyAHbiR AeTeKTop, OTfiMnaioiAeecfl TeM, 
mto BBeA©Hbi nocneAOBaTeribHO coeAHHeHHbie 
nwKOBbifi AeTetcrop n i^no^poneHaTaioimflK 
perncTpaTop, nepBbiH ncTOKOBbiK noBTOpMTenb, 
BbixoA KOToporo coeAMHeH c bxoaom ycunnTenw 

BbJCOKOfl MaCTOTbl, BTOpoW MCTOKOBblW 

noBTopHTenb n pa3Bfl3biBa»omnM 6noK, 
BKnioMeHHbi^ Me>KAy bnxoaom renepaTopa 
MOAynMpyioinero Hanpfl>KeHHfl n nepBbiM 
bxoaom BBeAeHHoro cuiHxpoHHoro A©TeKTopa, 

HCTOMHMK nOCTOflHHOrO Hanpfl>KeHMfl CMemeHMfl, 

OTpimaTenbHbiW nonKDc KOToporo coeAMHeH c 
o6iMei^ iiJMHofl, a nono>KV»TenbHbifl nonKDC Mepe3 
nepBbid pe3HCTop coeAMHeH c noABVWKHbiM 
KOHTaKTOM aneKTpoHHoro pene, HopManbHO 
pa30MKHyTbiM KOHTaKT KOToporo coeAMHeH Hepe3 
nepBbid KOHAeHcaTop c bxoaom BToporo 
ncTOKOBoro noBTopHTenn, a Mepe3 
nocneAOBaTenbHO coeAHHeHHbie BTopoi^ 
KOHAeHcaTop m btodo« pe3MCTop c o6mefl 
ujMHOfi, bwxoa aMnnnTyAHoro AeTeicropa 

COeAMHeH C BTOpbIM bxoaom CUHXpOHHOrO 

AeTeiaopa v\ nepes nuKOBbift A©"reKTop c nepBbiM 
bxoaom L4nc|)poneMaTajoLnero perncTpaTopa, k 
BTopoMy BXOAy KOToporo noAKnKweH bwxoa 

CUHXpOHHOrO AGTeKTOpa, npM 3TOM De30HaHCHb!M 

HyBCTBMTenbHbiC^ sneMeHT BbinonHeH b BMfle 

AByX TpaHC0OpMaTOpHO CB«3aHHblX KOHTyDOB, 

Ka>KAbifi KOHen nepBMHHOM oGmotkm KOToporo 
nepe3 cooTBeTCTByioiuM^ npoxoAHOfl 
KOHAeHcaTop coeAMHeH c oGu\eft ujmhom, k 
OAHOMy KOHiry nepBUMHoR o6motkh Mepe3 
TpeTM^ pesMCTop noAKnJoneH bwxoa reHepaTopa 
30HAnpy»ou4ero HanpwKeHkm, a APyroW KOHeu 
coeAMHeH Mepe3 TpeTMK KOHAeHcaTop c bxoaom 
nepBoro ncTOKOBoro noBTopnTenn, a k Ka»<AOMy 

KOHL^y BTOpMHHO^ 06MOTKM pe30HaHCHOfO 

MyBCTBurenbHoro sneMeHTa nepe3 npoxoAHOM 
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KOHflOHCaTOp M COOT B6TCT By lO UJH nDOBOAHHK 

AByx>KM/ibHoro BwcoKOMacTOTHoro Ka6enfl 
noAKnioHeH 30HA m napannenbHO coeAMHeHHbie 
MeTBepTbJfl KOHfleHca-rop n ujyHTnpyiOLMM« 



peaMcrop, cpeAHflfl TOMKa KOToporo coeAWHeHa c 

HOpMa/lbHO pa30MKHyTblM KOHTaKTOM 

anejcrpoHHoro pene. 
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